Introduction
This report describes new observations of potential targets for NEOShield demonstration mission targets. In the original proposal it was envisaged that regular photometry would be obtained with the new 1-m QUB/SAFT facility on La Palma. Unfortunately personnel changes and legal issues throughout the project have significantly delayed commissioning of this instrument. At the time of writing the legal issues have only just been resolved and therefore observations will probably not commence with this instrument until the end of 2014.
Therefore observations are being obtained via the other facilities including those described in the original NEOShield proposal, the 1.8-m Pan-STARRS 1 survey telescope and the 2.0-m Faulkes Telescopes.
Photometry of 2001 QC34

Faulkes Telescope Photometry of 2001 QC34
2001 QC34 was observed for approximately 1 hour using the 2-m Faulkes Telescope North on 16 th August 2013. Individual exposure times were 60 seconds in an SDSS r'-band filter. From the first images it became apparent that there was a readout problem with the camera, resulting in significant correlated readnoise visible in the frames. Due to the likely loss in S/N, a second run was scheduled for 1 hour on 19 th August 2013. Unfortunately the moon was above the horizon and only 60 degrees from the NEO during these observations, also resulting in low-S/N observations. The Faulkes Telescope data was unfortunately of too low S/N to allow a reliable search for trends or fast rotation periods in the data. However the data demonstrated this NEO is not highly elongated. A maximum peak-to-peak variation of ≤ 0.5 magnitudes in ≤ 1 hour is consistent with the observed lightcurve.
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LCOGT 1-m Photometry of 2001 QC34
The April 2014 apparition of 2001 QC34 allowed further photometry. The low declination meant that only southern hemisphere observatories were useable. Therefore time was requested and granted on the 1-m LCOGT facilities at Siding Spring, Australia (AA) and Southerland, South Africa (SAAO). A total of 7x3-hour observing slots were scheduled during 17-29 April 2014. Poor observing conditions at both sites meant that only one 3-hour period at SAAO was relatively clear, plus approximately one hour more at both AAO and SAAO, all on 28-29 April.
The extremely fast rate of motion (>3 arcsec/minute) together with uncertainties in non-guided tracking meant that exposure times were limited to 20 seconds. Hence groups of 4 exposures were combined to improve the signal to noise by a factor ~2. Differential lightcurves for all three datasets are shown below. Additionally, the asteroid was also detected during December 2013-August 2014. However the photometry initially returned by PS1 for moving targets has small offsets of ~0.05 magnitudes and unreliable uncertainties. These will be corrected during the re-processing of the survey, but this will not be completed until January 2015.
Absolute magnitude and probable size
The absolutely calibrated observations span a small range of phase angle, hence an independent derivation of the phase function parameter G is not possible. 2001 QC34 has a spectral classification of Q/O according to Vilas et al. (2008) . Therefore to convert to H in the (H, G) system, a value of G=0.23 was used as appropriate for silicate asteroids (Lagerkvist and Magnusson 1990) . Using this, the mean absolute magnitude of 2001 QC34 from our photometry is H=20.15±0.04.
This value is very close to, but slightly fainter than, the value currently listed by JPL Horizons (H=20.0) and the MPC (H=20.1) and given in NEOShield Document 5.3b. According to the Thomas et al. (2011) , the average geometric albedo for NEOs in the Q-complex is = 0.29 ± 0.05. This implies a probable mean diameter for 2001 QC34 of = 230 m. However as explained in NEOShield Document 5.1 and shown in Figure 1 of that document, the individual NEOs within the Q-complex span a wide range of albedos. Hence there is still significant uncertainty as to the specific size of 2001 QC34.
A primary method to measure sizes is via thermal IR observations (Harris & Drube 2012) . The NEOWISE spacecraft is currently performing all-sky scans to detect NEOs and measure their radiometric radii. Theoretically 2001 QC34 should have been easily detected by NEOWISE during its apparition in April 2014, however it was not seen in the survey data (Mainzer, priv. comm., July 2014) . This was presumably due to its rapid apparent motion allowing it to avoid the pre-programmed scans.
Lightcurve period, amplitude and shape
Although we possess less data than expected due to observing conditions, it is possible to constrain the rotation period of 2011 QC34 from the LCOGT data. As pointed out in the interim document, the confirmed absolute magnitude indicates that the rotation period should be ≥ 2.2 hours due to the observed size-spin dependency in the NEO population. Only two asteroids with ≤ 21.4 are known to rotate more quickly than 2.2 hours, approximately 0.05% of the observed population with this brightness (Statler et al. 2013; Chang et al. 2014) .
Although the LCOGT data are limited, they are incompatible with rotation periods < 2.5hours. The best fit rotation period of 3.65 ± 0.02 hours, with the resulting phased lightcurve at this period shown below. It is unclear whether longer periods are also possible, as more data is required to fill in the complete phase curve of this asteroid.
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Photometry of (354182) 2002 DU3
Pan-STARRS Photometry of 2002 DU3
2002 DU3 was detected 9 times during the course of the Pan-STARRS 1 3PI sky survey between 8 January and 25 October 2013, with all of these detections enabling accurate measurement. Photometry was again converted to V using the colours and transformations for S/Q-type asteroids from Fitzsimmons et al. (2011) . The results of this photometry are given below. This value is very close to the value currently listed by JPL Horizons and the MPC (H=20.7) and given in NEOShield Document 5.3b. As before, we use the Thomas et al. (2011) average geometric albedo for the Q-complex of = 0.29 ± 0.05. This implies a probable mean diameter for 2002 DU3 of = 175 m but again with significant uncertainty as to the actual size.
Shape constraints
The peak-to-peak variation in H in these data is 0.35 magnitudes. While we note there was little change in the geometric observing circumstances during this apparition, the existing data are therefore consistent with an elongation of 2001 QC34 of / ≈ 1.4.
Spectroscopy of potential NEO targets.
To further enlarge future targets lists, we have begun a small-scale programme of optical spectroscopy of NEOs, targeted towards objects with a low delta-v according to the potential target lists described in NEOShield Document 5.2. The facility being used for this is the 2.0-m Liverpool Telescope on La Palma. This telescope is operated as a completely robotic facility, and hence is well suited for one-off observations of NEOs during short apparitions.
The FRODOSpec instrument provides a low-resolution optical spectrum via an optical fibre integral-field unit spanning 10x10 arcsec on sky. However robotic acquisition in the fibre bundle of a fast-moving NEO was not originally considered for this instrument, and it has taken some time to design an acquisition sequence that was relatively successful. It was also found that the overall throughput of the instrument is rather low, with an effective limiting magnitude of V~17. Hence it appears that this facility will only be applicable to small NEOs with well-known orbits on close approaches. To date, only NEOs with H < 20 have been successfully observed with this instrument, and only one within the possible size range required for the NEOShield project.
(359592) 2010 VA1
2010 VA1 is a NEO with a bright catalogue H=19.8 and a nominal rendezvous delta-v of 5.9 km/sec. No observations leading to characterisation of this object have been reported to date. We obtained a spectrum of this NEO on 11th April 2013, when it was at geocentric and heliocentric distances of 0.155 AU and 1.152 AU and an apparent magnitude of V~17. The resulting reflectance spectrum shows that this asteroid belongs to the C-complex of asteroids and is probably not a silicate body. 
Work external to NEOShield
Since Documents 5.1, 5.2 and 5.3 have been produced, research into the physical properties of NEOs has continued by other groups. Published measurements in the peer-reviewed literature are regularly used to update the European Asteroid Research Node database (Hahn et al. 2013) . One of the most important results relating to physical characterisation has been the measurement of diameters of an additional 106 NEOs (Mainzer et al. 2013 ) by NEOWISE. 37 of these NEOs had diameters in the range 100m-300m, and 7 also had a geometric albedo in the range 0.20-0.30, implying a probable silicate composition (Thomas et al. 2011) . Only one of the 37 NEOs -2002 BF25 -also had a nominal delta-v < 6km/sec.
Conclusions
2001 QC34 is now well characterized with a probable size of 230m, an axial ratio of ~1.4, a spin period of 3.655 hours and a silicate Q/O composition. The shape is probably somewhat irregular like other small NEOs but it is not highly elongated or fast rotating. Unfortunately the size was not directly measured by NEOWISE. Further processing of Pan-STARRS1 data will be completed at the end of the year that should allow a photometric phase curve to be measured.
2002 DU3 has a probable size of ~175m , and a probable axial ratio of ~1.4, and a silicate Sq spectral classification. Unfortunately a lightcurve is still unavailable for this object, so it remains less well characterised than 2001 QC34.
